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(54) NITRIDE SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor light-emitting element which can improve 
photoelectric conversion efficiency without deteriorating light- 
emitting output. 

SOLUTION: An active layer 6 of a multiple quantum well 
structure, in which a well layer formed of a nitride 
semiconductor containing. In add a barrier layer formed of a 
nitride semiconductor whose compositions is different from 
that of the well layer are stacked between an n-type nitride 
semiconductor layer and a p-type nitride semiconductor layer 
is provided. The well layer is undoped, and the single film 
thickness of the barrier layer is 70-500 angstroms. Then, n- 
type impurities are doped in the barrier layer in the range of 5 
X 1016-1 XI 01 9/cm3. 
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* NOTICES * 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer, the translation may not reflect the original precisely 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] " _ 

[Claim 1] n mold nitride semi-conductor layer and the well layer which consists of a nitride semi-conductor 
which contains In between p mold nitride semi-conductor layers, It has the barrier layer of the multiplex 
quantum well structure of coming to carry out the laminating of the barrier layer which consists of a nitride 
semi-conductor with which a well layer differs from a presentation. The nitride semiconductor device which 
said well layer is undoping and is characterized by for the single thickness of said barrier layer having 70-500A 
and n mold impurity being further doped by the barrier layer 5x1016 to 1x1019-/cm3. 

[Claim 2] The nitride semiconductor device according to claim 1 to which said barrier layer is characterized by 
coming to grow up on an undoping nitride semi-conductor layer. 

[Claim 3] The nitride semiconductor device according to claim 2 to which said undoping nitride semi-conductor 
layer is characterized by having 10-500A thickness. 

[Claim 4] The nitride semiconductor device according to claim 2 or 3 characterized by said undoping nitride 
semi-conductor layer consisting of undoping GaN. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the component which consists of a nitride semi-conductor 
(InXAIYGa1-X-YN. 0 <=X. 0<=Y, X+Y<=1) used for electron devices, such as photo detectors, such as light 
emitting devices, such as a light emitting diode component and a laser diode component, a solar battery, and a 
photosensor, or a transistor, and a power device. 
[0002] 

[Description of the Prior Art] The nitride semi-conductor is put in practical use as an ingredient of high 
brightness blue LED and authentic green LED in the various light sources, such as a full color LED display, a 
traffic light, and the image scanner light source. The buffer layer to which these LED components consist of 
GaN on silicon on sapphire fundamentally. The n side contact layer which consists of an Si dope GaN. and 
InGaN of single quantum well structure (SQW:Single-Quantum-Well), Or the barrier layer of multiplex quantum 
well structure (MQW:Multi-Quantum-Well) which has InGaN, Have the structure where the laminating of the p 
side cladding layer which consists of a Mg dope AIGaN. and the p side contact layer which consists of a Mg 
dope GaN was carried out to order, and it sets to 20mA. The properties which were very excellent are 
indicated to be 3mW and 6.3% of external quantum efficiency by blue LED with a luminescence wavelength of 
450nm by 5mW. 9.1% of external quantum efficiency, and 520nm green LED. Since multiplex quantum well 
structure has the structure which consists of two or more mini bands and luminescence realizes it also with an 
efficient and small current improvement in component properties, like a radiant power output becomes high 
from single quantum well structure is expected. 

[0003] For example, these people are indicating the nitride semi-conductor light emitting device which has the 
barrier layer of the multiplex quantum well structure which becomes JP,9-36430.A from a well layer 100A [ or 
less ] and a barrier layer 150A or less as a high component of a radiant power output. Thus, it becomes that 
the barrier layer of a component is quantum well structure with high power according to the distortion 
quantum well effectiveness, an EKISHINTON luminous effect, etc. 
[0004] 

[ProblemCs) to be Solved by the Invention] However, although the LED component which these above- 
mentioned people indicated is high power, and can be enough applied to practical use and it is applied to 
various products, such as a signal, according to the demand of energy saving in recent years etc.. the further 
improvement in photoelectric conversion efficiency is wished that it is not accompanied by the fall of a radiant 
power output with a low power. If a good radiant power output Is obtained with such a low power, the life 
property of a component can also be raised more. Then, the purpose of this invention is offering the nitride 
semi-conductor light emitting device which can raise photoelectric conversion efficiency, without reducing a 
radiant power output. 
[0005] 

[Means for Solving the Problem] That is. this invention can attain the purpose of this invention by the 
configuration of following the (1) - (4). 

(1) n mold nitride semi-conductor layer and the well layer which consists of a nitride semi-conductor which 
contains In between p mold nitride semi-conductor layers, It has the barrier layer of the multiplex quantum 
well structure of coming to carry out the laminating of the barrier layer which consists of a nitride semi- 
conductor with which a well layer differs from a presentation. The nitride semiconductor device which said well 
layer is undoping and is characterized by for the single thickness of said barrier layer having 70-500A, and n 
mold impurity being further doped by the barrier layer 5x1016 to 1x1019-/cm3. 

(2) A nitride semiconductor device given in the above (1) said whose barrier layer is characterized by coming 
to grow up on an undoping nitride semi-conductor layer. 

(3) A nitride semiconductor device given in the above (2) said whose undoping nitride semi-conductor layer is 
characterized by having 10-500A thickness. 

(4) The above (2) characterized by said undoping nitride semi-conductor layer consisting of undoping GaN, or 
a nitride semiconductor device given in (3). 

[0006] That is, by using the barrier layer of multiplex quantum well structure as a thick film compared with 
specific thickness, i.e., the conventional thing, making this barrier layer contain n mold impurity by specific 
concentration, and considering a well layer as undoping further, this invention makes possible low forward 
voltage (Vf) and few leakage current, and it can offer the nitride semiconductor device which can raise 
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photoelectric conversion efficiency, without reducing a radiant power output. 

[0007] Although it is indicated by above mentioned JP.9-36430,A that n mold impurity may be added to a 
barrier layer, the addition concentration of the thickrfess of a barrier layer and n mold impurity is not indicated 
at all. Moreover, although doping impurities, such as Si. Cd, Zn. and Mg, only to a barrier layer is indicated by 
JP.10-65271,A and the barrier layer of 30A of thickness is concretely indicated by the example, in such 
thickness, it is hard to raise photoelectric conversion efficiency to satisfying enough extent. Furthermore, 
although it is indicated by JP.10-135514,A that a barrier layer may be made to contain an impurity, since 
thickness of a barrier layer is made into 30-50A. it is hard to* raise photoelectric conversion efficiency to 
satisfying enough extent like the above-mentioned official report. 

[0008] On the other hand, as a result of examining many things so that this invention person may raise 
photoelectric conversion efficiency, it found out that it was solvable by using thickness of the barrier layer of 
the barrier layer of multiplex quantum well structure as a thick film. However, if thickness of a barrier layer is 
used as a thick film, there will be an inclination for forward voltage (Vf) to become high, and a low power will 
be hard to attain high photoelectric conversion efficiency only by using a barrier layer as a thick film. It is a 
method of **** that there is an inclination which leakage current will increase in about [ that photoelectric 
conversion efficiency falls on the contrary ] and an I-V property if the addition of n mold impurity is high 
although Vf can be reduced by adding n mold impurity to the barrier layer used as the thick film as a result of 
examining many things to the trouble of this Vf rise. Thus, if n mold impurity is added in order for Vf to go up 
and to reduce Vf, if photoelectric conversion efficiency is raised by using a barrier layer as a thick film, as it 
said that leakage current increased, in all these properties, it cannot be satisfied. This invention considers in a 
detail the above-mentioned configuration, i.e., the relation between the thickness of a barrier layer, and the 
concentration of n mold impurity added to a barrier layer, to such a trouble. Consequently, by adding n mold 
impurity of specific thickness and specific concentration for a barrier layer, and considering a well layer as 
undoping. and combining this undoping well layer and said barrier layer Since photoelectric conversion 
efficiency can be raised by tow Vf and few leakage current, a radiant power output even with a good low power 
can be obtained. 

[0009] Furthermore, this invention is desirable, although the barrier layer of multiplex quantum well structure 
will become better [ the crystallinity of a barrier layer ] and will set to the improvement in photoelectric 
conversion efficiency, and low Vf, if laminating growth is carried out on an undoping GaN layer more preferably 
[ it is desirable on an undoping nitride semi-conductor layer, and ] on the undoping nitride semi-conductor 
layer of 1 0-500A of thickness. 
[0010] 

[Embodiment of the Invention] In this invention, a barrier layer is the multiplex quantum well structure of the 
multilayers structure which carried out the laminating of a well layer and the barrier layer one by one. The 
minimum laminated structure of multiplex quantum well structure may be a three-tiered structure which 
consists of the three-tiered structure or one well layer which consists of one barrier layer and a well layer 
(two) prepared in the both sides of this barrier layer, and a barrier layer (two) prepared in those both sides. In 
multiplex quantum well structure, the two outermost layers of both sides are constituted by a well layer or the 
barrier layer, respectively. Moreover, one outermost layer may consist of well layers so that the outermost 
layer of another side may turn into a barrier layer. Moreover, the side close to the nitride semi-conductor 
layer by the side of p may finish it as a barrier layer, or multiplex quantum well structure may be finished with 
a well layer. 

[0011] the nitride semi-conductor (preferably InGaN) with which a well layer and a barrier layer contain an 
indium and a gallium for both in the barrier layer of such multiplex quantum well structure — it can form 
(however, both presentations differ) — a well layer is formed with the nitride semi-conductor (preferably 
InGaN) containing an indium and a gallium, it is other nitride semi-conductors, for example, a barrier layer can 
also be formed by InN or GaN. for example, the nitride semi-conductor with which the well layer of a barrier 
layer which consists of multiplex quantum well structure contains In at least — it is preferably referred to as 
InXGal-XN (0< X<1). On the other hand, a barrier layer chooses a nitride semi-conductor with larger bandgap 
energy than a well layer, and is preferably taken as InYGal-YN (0<=Y<1, X>Y) or AlZGal-ZN (0< Z<0.5). 
However, It is also possible to set a well layer and a barrier layer to InAlN. 

[0012] In this invention, although especially the total thickness of a barrier layer is not limited, it is the 
thickness of the sum total of a layer with which the laminating of a well layer and the barrier layer was carried 
out, for example, is specifically 500-5000A. and is 1000-3000A preferably. It is desirable in respect of the time 
amount which the crystal growth of a radiant power output and a barrier layer takes as the total thickness of a 
barrier layer is the above-mentioned range. The single thickness of the barrier layer which constitutes the 
multiplex quantum well structure of a barrier layer is 70-500A, and is 100-300A preferably. It becomes 
[ photoelectric conversion efficiency improves that the single thickness of a barrier layer is the above- 
mentioned range, and ] low Vf and few leakage current and is desirable. Moreover, 100A or less of 70A or less 
of single thickness of the well layer of a barrier layer is 50A or less more preferably. Although especially the 
minimum of the single thickness of a well layer is not limited, it is desirable that it is 10A or more. It is 
desirable in the single thickness of a well layer being the above-mentioned range in respect of a radiant power 
output and emission spectrum half-value width. 

[001 3] In this invention, the well layer of a barrier layer is undoping (condition which does not dope an impurity 
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intentionally), and n mold impurity is doped by only the barrier layer. IV group or VI group elements, such as Si, 
germanium, Sn. S. 0. Ti. and Zr, can be used for n mold impurity doped to a barrier layer, and Si. germanium, 
and Sn are used preferably, the amount of Hopes ofn mold impurity to a barrier layer — three to 1x1019/cm3 
of 5x1016-/cm — desirable — three to 1xl018/cm3 of 5x1016-/cm — it adjusts to the range of three to 
3x1017/cm3 of 5xl016-/cm still more preferably. Photoelectric conversion efHciency is not reduced as the 
amount of dopes of n mold impurity is the above-mentioned range, the increment in leakage current is not 
seen in an I-V property, but Vf can be fallen, and it is desirable. 

[0014] Below, the single thickness of the barrier layer of the barrier layer of multiplex'quantum well structure 
and the value of the amount of dopes of n mold impurity to this barrier layer are explained further at a detail. 
However, drawing 2 and drawing 3 are data at the time of using the barrier layer which has the barrier layer 
which it comes to dope 9x1016-/cm3 as a barrier layer of a barrier layer about 300A of single thickness of the 
below-mentioned example 1, and Si. 

[001 5] As the high impurity concentration doped to a barrier layer was shown in drawing 2 (a), although the 
R/C of leakage current is small, when 1x1019-/cm3 is exceeded. In a low-concentration case, in applled- 
voltage-5V, there is an inclination for the R/C of leakage current to become large. On the other hand, if high 
impurity concentration is gradually reduced as shown in drawing 2 (b). forward voltage will rise in inverse 
proportion to the amount of dopes, but when the amount of dopes of an impurity is set to three or more 
5x1016-/cm, there is an inclination for the rise of forward voltage to become large. Moreover, although the 
single thickness of a barrier layer, the more, has the inclination for forward voltage to rise proportionally the 
more it becomes thick as shown in draMQg 3 (a), as for points, such as the endurance of a nitride 
semiconductor device, and specification, to forward voltage, it is desirable that it is less than [ 3.8V ]. From 
this, the upper limit of the single thickness of a barrier layer is made into 500A or less. Moreover, if a radiant 
power output is small and. as for the case of a thin film, thickens single thickness gradually to 70A as shown in 
drawing 3 (b), a radiant power output will have a sudden rise and will become high, but when it is 70A or more, 
there is an inclination for the rise of a radiant power output to become loose. From this, the minimum of the 
thickness of the single thickness of a barrier layer is made into 70A or more. 

[0016] Above the various troubles caused by thickening single thickness of a barrier layer in order to raise 
photoelectric conversion efficiency from things In order to solve to improvement in photoelectric conversion 
efficiency, and coincidence, single thickness of a barrier layer is variously made into 70-500A as a result of 
examination. Solution of many problems produced by having used the barrier layer as the thick film and 
improvement in photoelectric conversion efficiency can be made good by setting the amount of dopes of the 
impurity to a barrier layer to three to 1x1019/cm3 of 5x1016-/cm. 

[0017] Even if the undoping nitride semi-conductor layer made to form in this invention just before growing up 
a barrier layer is a layer which showed the layer formed without doping an impurity intentionally, and the 
impurity mixed by the contamination from the diffusion, the raw material, or equipment of an impurity from the 
adjoining layer, when the impurity is not doped intentionally, it considers as an undoping layer. If such an 
undoping nitride semi-conductor layer was formed upwards and a barrier layer is grown up, the crystallinity of 
a barrier layer will improve and photoelectric conversion efficiency and emission spectrum half-value width will 
become better. 

[0018] As for the above-mentioned undoping nitride semi-conductor layer, in this invention, it is desirable to 
consist of any one of the undoping AIGaN which can be expressed with the undoping InGaN expressed with 
Undoping GaN and general formula InaGal-aN (0< a<a5, preferably a< 0.2) with large bandgap energy as 
compared with the above-mentioned barrier layer and general formula AlbGal-bN (0< b<1, preferably b< 0.2). 
Moreover, you may constitute using general formula InXAIYGa1-X-YN (0<X, 0<Y. X+Y<1). In addition, when 
using Undoping InGaN as an undoping nitride semi-conductor layer, in this undoping InGaN, the ratio of In to 
Ga is small set up as compared with the above-mentioned well layer. 10-500A of 10-300A of thickness of the 
above-mentioned undoping nitride semi-conductor layer is 20-1 OOA more preferably. It is desirable in respect 
of photoelectric conversion efficiency and a radiant power output in thickness being the above-mentioned 
range. 

[0019] In this invention, it is not limited especially as n mold and a p mold nitride semi-conductor layer, but 
can use combining various nitride semi-conductor layers. Moreover, the nitride semi-conductor of various 
undoping of a presentation which is [ which are and same-forms ] different may be used for one part of the 
nitride semiconductor devices besides the undoping nitride semi-conductor layer formed Just before said 
barrier layer. For example, it becomes [ the crystallinity of the nitride semi-conductor grown up at an elevated 
temperature (temperature higher than about 900 degrees 0) on a buffer layer ] good and is desirable when the 
buffer layer which consists of GaN at 200-900 degrees 0 on different-species substrates, such as sapphire, is 
grown up. Moreover, when layers, such as AIGaN which made the upper layer of a barrier layer dope Mg, are 
formed, it is desirable in respect of a radiant power output. Thus, a component can be constituted combining 
various nitride semi-conductor layers. The nitride semi-conductor which constitutes the LED component 
shown in the below-mentioned example as an example of a nitride semiconductor device can be used. 
Moreover, as an electrode, the electrode which has various ohmic contact can be chosen suitably, and can be 
used. 

[0020] Moreover, if the undoping nitride semi-conductor layer grown up just before growing up the barrier 
layer of said multiplex quantum well structure is grown up just before growing up the barrier layer of single well 
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structure, it can raise photoelectric conversion efficiency like the case where it is made to grow up just before 

the barrier layer of multiplex quantum well structure. 

[0021] 

[Example] Although the example which is the gestalt of 1 operation of this invention is shown below, this 
invention is not limited to this. 

The [example 1] example 1 creates the light emitting diode (LED) shown in drawing 1 . On C side of silicon on 
sapphire 1. the GaN buffer layer 2 with a thickness of 300A is grown up at 550 degrees C, and the undoping 
GaN layer 3 with a thickness of 0.7 micrometers Is |rown up*at 1050 degrees C on the GaN buffer layer 2. 
Next, at the same temperature, the n mold GaN layer 4 by which Si was doped is grown up into the thickness 
of 3.3 micrometers. 

[0022] And before growing up a barrier layer, the undoping GaN layer 5 is grown up into the thickness of 400A 
at 1050 degrees C. 

[0023] Next, the barrier layer which consists of GaN doped 9x1016-/cm3 is grown up by 300A thickness, and 
Si makes temperature 800 degrees C continuously, and grows up the well layer which consists of undoping 
In0.3Ga0.6N using TMG. TMI, and ammonia by 30A thickness. And obstruction + well + obstruction + well .... In 

the order of + obstruction, a barrier layer is made into six layers, the laminating of the well layer is made five 
layers and by turns, and the barrier layer 7 which consists of multiplex quantum well structure of the 1950A of 
the total thickness is grown up. 

[0024] Next, the p mold AIGaN layer 7 which consists of p mold aluminum0.2Ga0.8N with a thickness of 300A 
by which Mg was doped is grown up, and the p mold GaN layer 8 with a thickness of 0.2 micrometers by which 
Mg was doped further is grown up. 

[0025] Temperature Is lowered to a room temperature after reaction termination, annealing is further 
performed for a wafer at 700 degrees 0 in a reaction container among nitrogen-gas-atmosphere mind, and p 
type layer is formed into low resistance. 

[0026] In order to pick out a wafer from a reaction container after annealing, to form the mask of a 
predetermined configuration in the front face of the p side GaN layer 8 of the maximum upper layer, and for 
etching to remove partially the p mold GaN layer 8 by which the laminating was carried out. the p mold AIGaN 
layer 7, a barrier layer 6, and the undoping GaN layer 5 and to form n electrode with RIE (reactive ion etching) 
equipment, the front face of the n mold GaN layer 4 is exposed. 

[0027] Next, p electrode which consists of nickel/Au is formed on the p mold GaN layer 8, the n electrode 1 1 
which consists of Ti/aluminum is formed In the front face exposed on the n mold GaN layer 4, and an LED 
component is produced. 

[0028] This LED component showed 470nm blue luminescence in 20mA of forward current, and Vf is 3.5V, a 
radiant power output is 6.5mW, it fell about [ 0.3 ] by V by Vf as compared with the LED component of the 
conventional multiplex quantum well structure, and the output improved to 1.5 or more times. In addition, the 
barrier layer which constitutes a barrier layer in the above-mentioned example 1 as an LED component of the 
conventional multiplex quantum well structure was changed into the 20A thickness of undoping. and also LED 
was produced similarly. As mentioned above, compared with a comparative component, a radiant power output 
goes up with the same forward current value, the component of this invention can improve photoelectric 
conversion efficiency, and low-power-ization of it is attained from this. 

[0029] In the [example 2] example 1, the undoping GaN layer 5 grown up just before growing up a barrier layer 
is not formed, and also an LED component is produced similarly. The obtained LED component has the almost 
same good property, although photoelectric conversion efficiency falls a little compared with an example 1 and 
emission spectrum half-value width becomes a little large. 

[0030] In the [example 1 of comparison] example 1, Si was doped 2xl019-/cm3 in the well layer, and also an 
LED component is produced similarly. The obtained LED component was applied-voltage-5V, properties, such 
as 800mA of leakage current and 0.5mW of radiant power outputs, were shown, and a good result was not 
obtained. 
[0031] 

[Effect of the Invention] By considering the well layer of the barrier layer of multiplex quantum well structure 
as undoping, and specifying the thickness and high impurity concentration of a barrier layer further, this 
invention can solve the conventional trouble and can offer a nitride semi-conductor light emitting device with 
the high photoelectric conversion efficiency which has a good radiant power output also with a low power. 
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[Brief Description of the Drawings] 

[BrQyyiOg. l] Drawing 1 is the type section Fig. showing the structure of the LED component which is the 
gestalt of 1 operation of this invention. 

[Drawing 2] Drawing 2 is the graph which plotted the leakage current [ drawing 2 (a)] when changing gradually 
the high impurity concentration of the barrier layer of the barrier layer of an example 1, and change of forward 
voltage [ drawing 2 (b)]. 

[Drawing 3] Drawing 3 is the graph which plotted the forward voltage [ drawing 3 (a)] when changing gradually 
the thickness of the barrier layer of the barrier layer of an example 1 . and change of a radiant power output 
[ drawing 3 (b)]. 
[Description of Notations] 

1 ... Silicon on sapphire 

2 ... Buffer layer 

3 ... Undoping GaN layer 

4 ... Si dope GaN layer 

5 ... Undoping GaN layer 

6 ... Barrier layer 

7 ... Mg dope AIGaN layer 

8 ... Mg dope GaN layer 

9 ... p electrode 
11 ... n electrode 
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